Introduction {#sec1}
============

Bullous pemphigoid (BP) is an acquired autoimmune blistering disease characterized by the formation of autoantibodies against hemidesmosomal antigens BP180 and BP230. Although IgG autoantibodies predominate within the plasma and skin of BP patients, some features of the disease cannot be explained solely by IgG-mediated mechanisms.[@bib1]^,^[@bib2] IgE autoantibodies are also detectable in at least 75% of untreated BP patients and autoreactive IgE-mediated inflammation has been shown to contribute to the pathogenesis of BP.[@bib1]^,^[@bib2]

Given the multiple immunologic mechanisms thought to be at play in the pathogenesis of BP, omalizumab, a humanized monoclonal antibody against IgE, has emerged as a novel treatment alternative. To date, omalizumab has been viewed largely as an adjunctive therapy for refractory cases or cases in which more aggressive immunosuppressive therapy is contraindicated. Here we report the largest case series to date evaluating use of omalizumab for BP, providing novel insight into this therapeutic option and further support for its use in the treatment of BP.

Methods {#sec2}
=======

After approval from the institutional review board at the University of California Los Angeles, we performed a retrospective chart review of patients treated at a single academic institution over a 32-month period from April 2016 to December 2018. All patients with a diagnosis of BP who were treated with omalizumab during this timeframe were included in the analysis. Data were obtained through comprehensive review of pathology reports, laboratory data, and physician documentation. Standard descriptive statistics and nonparametric analysis were performed on the data.

Results {#sec3}
=======

Eleven patients were included in the analysis, with a median age of 78 years. All 11 patients underwent biopsies, most of which found subepidermal bullae with eosinophils ([Table I](#tbl1){ref-type="table"}). Direct immunofluorescence (DIF) was performed in 8 cases (72.7%), with 6 of 8 (75.0%) showing linear staining along the basement membrane zone and 1 showing patchy staining along basement membrane zone. DIF in the eighth case was performed by an outside provider and was not available for review. Indirect immunofluorescence (IIF) was performed in 7 cases (63.6%), with 6 of 7 (85.7%) showing positive staining on the epidermal side of salt-spit skin.Table IDiagnostic studiesPatient no.Hematoxylin-eosinDIFIIFBP180 ELISA (nl: 1-9)BP230 ELISA (nl:1-14)Baseline IgE (nl\<100)Peak Abs Eos (nl\<0.5 × 10^3^/μL)1Subepidermal blister with numerous eosinophils2+ IgG, C3, and IgM in a homogenous, linear pattern along basement membrane zoneN/A70.2\<55925.92Subepidermal bulla/cleft with numerous neutrophils and eosinophils1+ C3 in a homogeneous, linear pattern along basement membrane zoneBasement membrane zone antibody positive, titer 1:25601971324270.193Spongiosis, focal vesiculation, and heavy eosinophilia1+ C3 in a patchy pattern along dermal-epidermal junctionPositive human split skin IgG, epidermal pattern40.7\<53280.334Subepidermal split with eosinophilsN/AN/A1931044800.175Subepidermal blister with numerous eosinophils2+ IgG and C3 in a linear pattern along dermoepidermal junction; spotty 1+ granular IgM along dermoepidermal junctionPositive human split skin IgG, epidermal pattern, titer \>1:40,960N/AN/AN/A3.016Cell-poor subepidermal blister2+ linear IgG and C3 staining along basement membrane zonePositive human split skin IgG, epidermal pattern, titer 1:64012111210.127Report not availableN/AN/A9621607N/A8Subepidermal bullous formation with numerous perivascular eosinophils and epidermal spongiosisC3 and IgG in a linear pattern along basal layer of epidermisN/A175353880.719Subepidermal bullae including several eosinophilsReport not availablePositive human split skin IgG (titer 1:640) and IgA (titer 1:20), epidermal-dermal combined pattern, epidermal predominant159124240.6410Subepidermal and subcorneal blister containing few neutrophilsN/APositive human split skin IgG, epidermal pattern; titer 1:10,24021.951.94020.0511Subepidermal bullous dermatosis with numerous eosinophils and eosinophilic spongiosis1-2+ IgG and C3 in a homogenous, linear pattern along basement membrane zonePositive human split skin IgG, epidermal pattern; titer 1:20,480278724460.02[^1]

Enzyme-linked immunosorbent assay (ELISA) was performed in 10 patients (90.9%) prior to starting omalizumab; BP180 (BPAg2) was elevated in 10 of 10 (100.0%). Total serum IgE levels were elevated in 10 of 11 patients (90.9%) prior to starting omalizumab, and 4 of 11 patients (36.4%) had elevated serum absolute eosinophils prior to omalizumab ([Table I](#tbl1){ref-type="table"}). Based on nonparametric analysis (Krustal-Wallis test), there was no significant difference in IgE levels among full, partial, and nonresponders to treatment (*P* = .15). Similarly, nonparametric analysis found no significant difference in absolute eosinophil levels among full, partial, and nonresponders (*P* = .16).

All 11 patients were treated with prednisone prior to receiving omalizumab, and 8 patients had previously received another systemic medication ([Table II](#tbl2){ref-type="table"}), including 1 patient who was treated with rituximab 5 months prior to omalizumab initiation. Taken together, patients in this cohort did not respond to a mean of 2.3 systemic agents prior to initiation of omalizumab. The median duration of disease prior to initiation of omalizumab was 206 days or 6.8 months (range, 33-584 days). Ten of 11 patients (90.9%) were treated with a dosing regimen of 300 mg every 4 weeks, and a single patient was treated with a regimen of 375 mg every 2 weeks.Table IIDemographics, therapies, and response to treatmentPatient no.AgeSexFitzpatrick skin typeInvolved site(s)Therapies prior to omalizumabConcurrent therapies at any point while on omalizumabOmalizumab doseMaximum prednisone dose prior to omalizumab (mg)Prednisone dose at omalizumab initiation (mg)Lowest prednisone dose while on omalizumab (mg)% BSA week 0% BSA lowest during treatment% BSA highest during treatmentCategory of overall response180F1Head/neck, trunk, extremitiesPrednisone, doxycycline, azathioprine, rituximab,[∗](#tbl2fnlowast){ref-type="table-fn"} class 1 topical steroidsPrednisone, doxycycline, azathioprine375 mg q2 weeks6020050081[†](#tbl2fndagger){ref-type="table-fn"}Full282F4Trunk, extremitiesPrednisone, doxycycline, class 1 topical steroidsPrednisone, doxycycline, class 1 topical steroids300 mg q4 weeks30501009Full376M1TrunkPrednisone, doxycycline, class 1 topical steroidsPrednisone, class 1 topical steroids300 mg q4 weeks607.501005Full488M2Trunk, extremitiesPrednisone, doxycyclinePrednisone, doxycycline300 mg q4 weeks40202.51509Full576F1ExtremitiesPrednisone, doxycycline, niacinamide, class 1 topical steroidsDoxycycline, niacinamide, class 1 topical steroids300 mg q4 weeks5003000Full667M4Head/neck, trunk, mucosa, extremitiesPrednisone, doxycycline, MMF,[‡](#tbl2fnddagger){ref-type="table-fn"} class 1 topical steroidsPrednisone, MMF, doxycycline, class 1 topical steroids300 mg q4 weeksUnknown (outside provider)100905090Partial781M2Trunk, extremitiesPrednisone, class 1 topical steroidsPrednisone, class 1 topical steroids300 mg q4 weeks\>60 (outside provider)202.5362036Partial857F3Head/neck, trunk, extremitiesPrednisone, class 1 topical steroidsPrednisone, class 1 topical steroids300 mg q4 weeks801515545476None974M3Head/neck, trunk, extremitiesPrednisone, doxycycline, niacinamide, class 1 topical steroidsPrednisone, doxycycline, niacinamide, topical steroids300 mg q4 weeks808020606060None1085M2Trunk, extremitiesPrednisone, IVIG,[§](#tbl2fnSection){ref-type="table-fn"} class 1 topical steroidsClass 1 topical steroids300 mg q4 weeksUnknown (outside provider)0036020Full1195F2Trunk, extremitiesPrednisone, doxycycline, niacinamide, class 1 topical steroidsPrednisone, doxycycline, class 1 topical steroids300 mg q4 weeks202055\<5\<5Partial[^2][^3][^4][^5][^6]

At the time of analysis, 6 of 11 patients (54.5%) experienced complete clearance of skin lesions after a median duration of 4.4 months on omalizumab ([Table II](#tbl2){ref-type="table"}). Time to complete clearance ranged from less than 1 month to 5.9 months. All 10 patients on prednisone at the time of omalizumab initiation were able to reduce the dose of prednisone, and 5 of 10 patients (50.0%) were able to discontinue systemic steroids completely. Three of 11 patients (27.3%) had a partial response to omalizumab. Among these partial responders, one patient was improving but was hospitalized for influenza complicated by bacterial superinfection and aspiration pneumonia. That patient subsequently died. The second was also improving after receiving 2 injections at the time of analysis. The third had overall improvement with a decrease in affected body surface area (BSA) from 90% to 50% and decreased prednisone requirement; however, the patient still had a significant burden of disease and remained on mycophenolate mofetil in addition to omalizumab. The remaining 2 patients did not respond to treatment and experienced recalcitrant flares while on omalizumab. Interestingly, one nonresponder reported repeated flaring of skin lesions 2 to 3 days after omalizumab injections, so the medication was discontinued. The median duration of treatment in all patients at the time of analysis was 12.6 months.

Discussion {#sec4}
==========

Although omalizumab is increasingly being recognized as a potential alternative agent in the treatment of BP, evidence to support this practice remains limited. Fairley et al[@bib3] reported the first case of BP treated with omalizumab in a patient with adverse effects to chronic corticosteroid use. Since then, a handful of other cases of successful treatment of BP with omalizumab have been reported. In a small study by Yu et al,[@bib4] 5 of 6 patients fully responded to omalizumab as a monotherapy or in combination with traditional agents. This report represents the largest case series to date evaluating use of omalizumab for BP, significantly increasing the number of documented cases in the literature.

Omalizumab was well tolerated without adverse effects in 9 of 11 patients (81.8%). One patient experienced possible omalizumab-induced BP flares, which required discontinuation of the medication. This potential adverse effect has not been reported previously and merits further investigation. One patient died from infection while on omalizumab therapy with prednisone. The remaining 10 patients did not experience serious or life-threatening side effects associated with omalizumab, which is significant when comparing the risk profile of this medication to other commonly used systemic agents for BP.

Omalizumab appears to have a significant disease-modifying effect in most treated patients, as evidenced by percentage decrease in BSA involvement as well as ability to reduce or discontinue treatment with prednisone. All patients receiving systemic steroids at the time of omalizumab initiation tolerated lowering of their steroid dosage without disease flare and 50% were able to discontinue steroids completely. This is particularly noteworthy since BP primarily affects older patients, many of whom have significant side effects from long-term systemic steroid use. In our cohort, 7 of 11 patients (63.6%) experienced adverse effects likely related to prednisone. These included spinal and femoral fractures, osteoporosis, severe hyperglycemia, hypertension, and facial and leg swelling.

Baseline serum IgE and eosinophil levels did not predict treatment response, suggesting that patient selection for omalizumab should not hinge on these laboratory values. Most patients in this cohort were treated with 300 mg of omalizumab every 4 weeks, the approved dosing for chronic idiopathic urticaria. Given tolerability and positive treatment response, this may be a reasonable dosing regimen for initial prospective studies for BP.

Two patients in this series discontinued omalizumab because of issues with financial access to the medication. The first of these patients had flaring of his disease within months of stopping omalizumab but fortunately was able to restart the medication through a medication assistance program. The second patient had to be bridged to an alternate systemic immunosuppressive therapy and maintained disease control. Medication cost and insurance coverage, along with the requirement for patients to be monitored after each injection due to a rare risk of anaphylactic reactions, may represent the greatest barriers to more widespread use of omalizumab by dermatologists.

This case series study has several limitations. Importantly, there is no control group, which would have allowed for direct comparative assessment of the effects of omalizumab on patient outcomes. Although this is the largest case series to date evaluating omalizumab for the treatment of BP, the sample size is small, and all patients were treated at a single academic institution. Finally, given the retrospective nature of this review, laboratory tests such as DIF, IFF, ELISA, IgE, and eosinophil levels were available for most but not all patients.

The positive treatment responses reported in this series are in line with the findings of previous smaller reports, reinforcing the potential value of larger, prospective studies to optimize treatment protocols and delineate which patients will benefit most from omalizumab.
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[^1]: *N/A*, Not applicable.

[^2]: *IVIG*, Intravenous immunoglobulin; *MMF*, mycophenolate mofetil.

[^3]: Continued to have severe active disease despite azathioprine and rituximab; therefore, omalizumab was initiated 5 months after last dose of rituximab.

[^4]: In setting of missed doses.

[^5]: Treated with MMF for 11 months but continued to have severe disease; therefore, omalizumab was initiated; continued on MMF while on omalizumab.

[^6]: Treated with IVIG (alone and concurrently with prednisone) but continued to have persistent disease; omalizumab initiated 4 months after discontinuation of IVIG; had complete clearance of skin for the first time on omalizumab.
